
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

69
5 

75
8

B
1

TEPZZ 695758B_T
(11) EP 2 695 758 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
24.09.2014 Bulletin 2014/39

(21) Application number: 13177642.9

(22) Date of filing: 23.07.2013

(51) Int Cl.:
B60H 1/32 (2006.01) F25D 21/02 (2006.01)

B60S 1/02 (2006.01) F25D 21/00 (2006.01)

(54) Air conditioner for vehicle

Klimaanlage für ein Fahrzeug

Climatiseur pour véhicule

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 10.08.2012 JP 2012178342

(43) Date of publication of application: 
12.02.2014 Bulletin 2014/07

(73) Proprietor: Honda Motor Co., Ltd.
Tokyo 107-8556 (JP)

(72) Inventors:  
• Tsunoda, Isao

Saitama, Saitama 351-0193 (JP)
• Ichikawa, Kazuma

Wako-shi, Saitama 351-0193 (JP)

(74) Representative: Feller, Frank et al
Weickmann & Weickmann 
Postfach 860 820
81635 München (DE)

(56) References cited:  
US-A- 4 406 133 US-A- 5 586 448



EP 2 695 758 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

Field of the Invention

[0001] The present invention relates to an air condi-
tioner for a vehicle.

Description of Related Art

[0002] In electric vehicles, because the engine cooling
water cannot be used to heat the vehicle interior, an air
conditioner for a vehicle that utilizes a heat pump cycle
is employed.
[0003] In this air conditioner for a vehicle, because the
heat exchange medium absorbs heat during a warming
operation in the external heat exchanger, if the outside
air temperature is extremely low, then in some cases,
frost formation may occur on the surface of the external
heat exchanger. If frost formation does occur, then be-
cause the heat transfer rate deteriorates so that the heat
absorption is inadequate, a problem arises in that the
warming effect inside the vehicle compartment is insuf-
ficient.
[0004] Therefore, a heat-pump-type air conditioner is
known that determines a frosting state based on the tem-
perature difference between the outside air temperature
detected by an outside air temperature sensor and the
temperature of an external heat exchanger detected by
a temperature sensor for the external heat exchanger so
as to start the control for defrosting (for example, refer
to Japanese Unexamined Patent Application Publication
No. 2000-283611). US 5 586 448 shows an air condition-
er according to the preamble of claim 1.

SUMMARY

[0005] In general, when the heat absorption of the ex-
ternal heat exchanger is inadequate due to frost forma-
tion, the temperature difference becomes large.
[0006] However, because the temperature difference
also becomes large when the outside air temperature or
the temperature of the external heat exchanger has dras-
tically (temporarily or locally) changed, a problem arises
in that the conventional air conditioner cannot accurately
determine whether or not frost formation has occurred.
[0007] In addition, an increase in the temperature dif-
ference arising from a decrease in performance of the
external heat exchanger comes from not only frost for-
mation but a decrease in the outside air temperature and
a decrease in the vehicle speed (poor ventilation). Ac-
cordingly, it is also necessary to consider the outside air
temperature and the vehicle speed and the like for accu-
rately determining whether or not frost formation has oc-
curred, and thus a problem arises in that whether or not
frost formation has occurred cannot be accurately deter-
mined only by the temperature difference. In order to de-

termine accurately whether or not frost formation has oc-
curred, it is required to alter the threshold value of the
temperature difference to start the control for defrosting
depending on the outside air temperature and the vehicle
speed, and therefore an enormous amount of test data
is needed for individual vehicles.
[0008] It is an object of an aspect of the present inven-
tion to provide an air conditioner for a vehicle that is ca-
pable of accurately determining whether or not frost for-
mation has occurred.
[0009] In the air conditioner for a vehicle according to
an aspect of the present invention, the following struc-
tures are employed in order to achieve the aforemen-
tioned obj ect.

(1) The air conditioner for a vehicle according to one
aspect of the present invention includes: a compres-
sor that compresses a heat exchange medium; an
internal heat exchanger that performs heat ex-
change between the heat exchange medium ex-
pelled from the compressor and air for air condition-
ing introduced inside a vehicle compartment; and an
external heat exchanger that performs heat ex-
change between the heat exchange medium ex-
pelled from the internal heat exchanger and external
air, wherein the air conditioner for a vehicle calcu-
lates an average value of a temperature difference
between an external air temperature and a temper-
ature of the external heat exchanger, and performs
a defrosting operation which melts frost adhered to
the external heat exchanger when an amount of
change of the average value is equal to or greater
than a first predetermined value.

[0010] According to the above-described aspect (1),
because an average value of the temperature difference
is calculated, it is possible to prevent making a misjudg-
ment that frost formation has occurred when an external
air temperature (outside air temperature) or a tempera-
ture of the external heat exchanger has drastically
changed.
[0011] In addition, an increase in the temperature dif-
ference arising from a decrease in performance of the
external heat exchanger comes from not only frost for-
mation but a decrease in the temperature of the external
air and a decrease in the vehicle speed. Note that an
increasing rate of the temperature difference is limited
(relatively small) in a case of the decrease in the external
air temperature and the decrease in the vehicle speed,
while an increasing rate of the temperature difference is
large in a case of frost formation (because frost formation
evolves). According to the above-described aspect, be-
cause a determination is made that frost formation has
occurred on the external heat exchanger when an
amount of change of the average value of the tempera-
ture difference is equal to or greater than a first prede-
termined value, it is possible to determine accurately
whether or not frost formation has occurred.
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(2) In the above-described aspect (1), the air condi-
tioner for a vehicle may perform the defrosting op-
eration when the amount of change of the average
value is equal to or greater than a second predeter-
mined value that is greater than the first predeter-
mined value, if a determination has been made that
a remaining amount of battery consumed by the ve-
hicle is less than a predetermined remaining amount.

[0012] According to the above-described aspect (2),
because a frequency of the defrosting operation is de-
creased, it is possible to reduce an amount of consump-
tion of electric power to save a remaining amount of bat-
tery. Moreover, because an occasion to supply cold air
inside the vehicle compartment is reduced due to a de-
crease in a frequency of the defrosting operation, the
comfort of the occupant can be ensured.
[0013] When a remaining amount of battery is less than
the predetermined remaining amount, it is anticipated to
stop driving of the vehicle after a short length of time in
order to charge a battery. Although the air conditioner for
a vehicle is used allowing a frosted state when a frequen-
cy of defrosting is decreased, if the use continues only
for a short length of time, the negative impact therefrom
can be minimized. Moreover, even if defrosting is com-
pletely performed by a defrosting operation for a long
length of time, the comfort of the occupant is not ham-
pered because the occupant leaves the vehicle compart-
ment after stopping driving of the vehicle.
[0014] According to the aspect of the present invention,
because an average value of a temperature difference
is calculated, it is possible to prevent making a misjudg-
ment that frost formation has occurred when an external
air temperature or a temperature of an external heat ex-
changer has drastically changed. In addition, it is possible
to determine accurately whether or not frost formation
has occurred, by making a determination that frost for-
mation has occurred on the external heat exchanger
when an amount of change of an average value of a
temperature difference is equal to or greater than a first
predetermined value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a structural view of an air conditioner for a
vehicle according to an embodiment.
FIG. 2A is a view showing a warming mode operating
state of the air conditioner for a vehicle.
FIG. 2B is a view showing a cooling mode operating
state of the air conditioner for a vehicle.
FIG. 3 is a view showing a dehumidification warming
mode operating state of the air conditioner for a ve-
hicle.
FIG. 4A is a view showing a hot gas operating state,
which is also a state of a defrosting operation of the
air conditioner for a vehicle.

FIG. 4B is a view showing a cooling operating state
for performing defrosting, which is also a state of the
defrosting operation of the air conditioner for a vehi-
cle.
FIG. 5 is a first flowchart showing a method of per-
forming the defrosting operation in the air conditioner
for a vehicle according to a first embodiment.
FIG. 6 is a second flowchart showing a method of
performing the defrosting operation in the air condi-
tioner for a vehicle according to the first embodiment.
FIG. 7 is a view explaining a determination to start
defrosting according to the first embodiment.
FIG. 8 is a timing chart for performing the defrosting
operation.
FIG. 9 is a first flowchart for a method of performing
a defrosting operation in the air conditioner for a ve-
hicle according to a second embodiment.
FIG. 10 is a view explaining a determination to start
defrosting according to the second embodiment.
FIG. 11 is a first flowchart for a method of performing
a defrosting operation in the air conditioner for a ve-
hicle according to a third embodiment.
FIG. 12 is a view explaining a determination to start
defrosting according to the third embodiment.

DESCRIPTION OF THE REFERENCE NUMERALS

[0016]

Ax, Ay AVERAGE VALUE
dA1 FIRST PREDETERMINED VALUE
dA2 SECOND PREDETERMINED VALUE
Tam EXTERNAL AIR TEMPERATURE
Tout DISCHARGE PORT TEMPERATURE
Tn TEMPERATURE DIFFERENCE
t PREDETERMINED LENGTH OF TIME
10 AIR CONDITIONER FOR VEHICLE
14 EVAPORATOR (INTERNAL HEAT EX-

CHANGER)
21 COMPRESSOR
24 EXTERNAL HEAT EXCHANGER

DESCRIPTION OF THE EMBODIMENTS

[0017] Hereinafter, an air conditioner for a vehicle ac-
cording to an embodiment of the present invention will
be described with reference made to the appended draw-
ings.

(Air conditioner for a vehicle)

[0018] An air conditioner for a vehicle 10 according to
the present embodiment is mounted, for example, in an
electric vehicle that is not equipped with an internal-com-
bustion engine as a vehicle drive source, or the like, and
is capable of executing a dehumidification warming mode
operation by means of a heat pump cycle.
[0019] As is shown in FIG. 1, the air conditioner for a
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vehicle 10 is provided with an intake port opening/closing
door 12, an air blower 13, an evaporator 14, a damper
15, and an internal condenser 16 that are provided in this
sequence running from an air intake port 11a, which is
provided on the upstream side of a ventilation duct 11,
towards an air diffuser port 11b, which is provided on the
downstream side thereof.
[0020] Furthermore, the air conditioner for a vehicle 10
is also provided with a heat pump cycle 17, which is pro-
vided with the evaporator 14 and the internal condenser
16, a control unit 18, and an evaporator sensor 19.
[0021] The air intake port 11a of the ventilation duct 11
is provided such that it is possible to introduce internal
air (i.e., air inside the vehicle compartment) and external
air (i.e., air outside the vehicle compartment) into the in-
terior of the air conditioner for a vehicle 10.
[0022] The air diffuser port 11b of the ventilation duct
11 is provided such that it is possible to blow air for air
conditioning from inside the air conditioner for a vehicle
10 into the vehicle compartment.
[0023] The opening and closing of the intake port open-
ing/closing door 12 are controlled, for example, via the
control of the control unit 18, which is provided such that
it is possible to alter the amounts of internal air (i.e., air
from inside the vehicle compartment) and external air
(i.e., air from outside the vehicle) that are introduced into
the interior of the ventilation duct 11.
[0024] The air blower 13 is driven in accordance with
a drive voltage that is applied, for example, via the control
of the control unit 18, and blows air (i.e., both internal air
and external air) that has been introduced through the
air intake port 11 a from the upstream side of the venti-
lation duct 11 towards the air diffuser port 11b on the
downstream side thereof, namely, towards the evapora-
tor 14 and the internal condenser 16.
[0025] The evaporator (i.e., the internal heat exchang-
er) 14 performs heat exchange between a low-pressure
heat exchange medium that has been supplied to the
interior thereof and the atmosphere inside the vehicle
compartment (i.e., air for air conditioning), and, for ex-
ample, cools the air that is passing through the evapo-
rator 14 inside the ventilation duct 11 via the heat ab-
sorption that occurs when the heat exchange medium
evaporates.
[0026] The damper 15 is capable of being rotated, for
example, by a motor (not shown) that is driven by the
control of the control unit 18, and the air volume ratio of
the air that is passed through the evaporator 14 by the
action of the blower 13 is adjusted by the opening angle
thereof (for example, the opening angle relative to the
ventilation path heading towards the internal condenser
16) between the volume of air that is directed towards
the internal condenser 16, and the volume of air that by-
passes the internal condenser 16 and is discharged into
the vehicle interior.
[0027] The internal condenser 16 (internal heat ex-
changer) is capable of releasing heat using the high-tem-
perature, high-pressure heat exchange medium that has

been supplied to the interior thereof, and, for example,
heating air (air for air conditioning) that is introduced
through the interior of the ventilation duct 11 into the in-
ternal condenser 16.
[0028] The heat pump cycle 17 is provided, for exam-
ple, with a compressor 21, the internal condenser 16, a
heating expansion valve 22, a cooling electromagnetic
valve 23, an external heat exchanger 24, a three-way
valve 25, a gas-liquid separator 26, a cooling expansion
valve 27, and a dehumidification electromagnetic valve
28.
[0029] The compressor 21 is driven, for example, by a
drive force from a motor (not shown) that is driven by the
control of the control unit 18, and suctions a gas-phase
heat exchange medium from the gas-liquid separator 26.
The compressor 21 then compresses this heat exchange
medium, and expels the high-temperature, high-pres-
sure heat exchange medium to the internal condenser
16.
[0030] The internal condenser 16 is connected by a
first flow path 31 to the external heat exchanger 24, and
the heating expansion valve 22 and the cooling electro-
magnetic valve 23 are placed in parallel on the first flow
path 31 between the internal condenser 16 and the ex-
ternal heat exchanger 24.
[0031] The heating expansion valve 22 is known as a
diaphragm valve, and it expands the heat exchange me-
dium that has been discharged from the internal con-
denser 16, and then expels the heat exchange medium,
which is at a low temperature and low-pressure and is in
a two-phase gas-liquid spray state, into the external heat
exchanger 24.
[0032] The cooling electromagnetic valve 23 is provid-
ed on a bypass flow path 32 that bypasses the heating
expansion valve 22 via a first branching pipe 32a, which
is on the internal condenser 16 side, and a second
branching pipe 32b, which is on the external heat ex-
changer 24 side, between the internal condenser 16 and
the external heat exchanger 24, and opening and closing
actions thereof are controlled, for example, by the control
unit 18.
[0033] For example, the cooling electromagnetic valve
23 is set to a closed state when either a warming mode
operation or a dehumidification warming mode operation
is being executed, and is set to an open state when a
cooling mode operation is being executed.
[0034] As a consequence of this, when, for example,
the warming mode operation or the dehumidification
warming mode operation is being executed, the heat ex-
change medium that is discharged from the internal con-
denser 16 passes through the heating expansion valve
22 and flows in a low-temperature, low-pressure state
into the external heat exchanger 24.
[0035] When, on the other hand, the cooling mode op-
eration is being executed, the heat exchange medium
discharged from the internal condenser 16 passes
through the cooling electromagnetic valve 23 and flows
in a high-temperature state into the external heat ex-
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changer 24.
[0036] The external heat exchanger 24 is, for example,
an externally located condenser, and performs heat ex-
change between the heat exchange medium flowing into
the interior thereof and the atmosphere outside the ve-
hicle (external air).
[0037] In addition, a temperature sensor that meas-
ures a temperature of the external heat exchanger 24 is
provided. Specifically, a discharge port temperature sen-
sor 24T that measures the temperature of the heat ex-
change medium flowing out from the discharge port of
the external heat exchanger 24 is provided on the down-
stream side of the external heat exchanger 24.
[0038] Note that, as the temperature sensor that meas-
ures the temperature of the external heat exchanger 24,
a temperature sensor that measures a surface temper-
ature of the external heat exchanger 24 may be provided.
[0039] For example, when the warming mode opera-
tion or the dehumidification warming mode operation is
being executed, the external heat exchanger 24 is able
to absorb heat from the atmosphere outside the vehicle
using the low-temperature, low-pressure heat exchange
medium that is flowing inside it, and, for example, raise
the temperature of the heat exchange medium via the
heat absorbed from the atmosphere outside the vehicle.
[0040] In contrast, when the cooling mode operation
is being executed, the external heat exchanger 24 is able
to release heat to the atmosphere outside the vehicle via
the high-temperature heat exchange medium that is flow-
ing inside it, and, for example, cool the heat exchange
medium by means of this heat release to the atmosphere
outside the vehicle and by ventilation air supplied from a
condenser fan 24a.
[0041] The three-way valve 25 is connected to the ex-
ternal heat exchanger 24, to a junction pipe 33 located
on the gas-liquid separator 26 side, and to a third branch-
ing pipe 34 located on the cooling expansion valve 27
side, so as to be able to switch the expelling of the heat
exchange medium flowing out from the external heat ex-
changer 24 between the gas-liquid separator 26 and the
cooling expansion valve 27, and this switching action is
controlled, for example, by the control unit 18.
[0042] For example, when the warming mode opera-
tion or the dehumidification warming mode operation is
being executed, the three-way valve 25 expels the heat
exchange medium discharged from the external heat ex-
changer 24 to an inflow port (not shown) of the junction
pipe 33 located on the gas-liquid separator 26 side.
[0043] On the other hand, when a cooling mode oper-
ation is being executed, the three-way valve 25 expels
the heat exchange medium discharged from the external
heat exchanger 24 to the third branching pipe 34 located
on the cooling expansion valve 27 side.
[0044] The gas-liquid separator 26 is connected be-
tween an outflow port (not shown) of the junction pipe 33
and an intake port (not shown) of the compressor 21, and
separates the heat exchange medium flowing out from
the outflow port of the junction pipe 33 into a gas and a

liquid, and also causes the gas-phase heat exchange
medium to be suctioned into the compressor 21.
[0045] The cooling expansion valve 27 is known as a
diaphragm valve, and is connected between the third
branching pipe 34 and an inflow port (not shown) of the
evaporated 14. In accordance with the opening angle
controlled, for example, by the control unit 18, the cooling
expansion valve 27 expands the heat exchange medium
flowing out from the third branching pipe 34, and then
expels the heat exchange medium, which is at a low tem-
perature and low-pressure and is in a two-phase gas-
liquid spray state, into the evaporator 14.
[0046] The evaporator 14 is connected between the
cooling expansion valve 27 and the junction pipe 33, and
is provided with an inflow port (not shown) that is con-
nected to the third branching pipe 34, and an outflow port
(not shown) that is connected to the inflow port (not
shown) of the junction pipe 33.
[0047] The dehumidification electromagnetic valve 28
is provided on a second flow path 36 that branches off
from the first flow path 31 by means of a fourth branching
pipe 35, which is provided on the first flow path 31 be-
tween the internal condenser 16 and the first branching
pipe 32a, and is connected to the third branching pipe
34, and the opening and closing actions thereof are con-
trolled, for example, by the control unit 18.
[0048] For example, when the wanning mode opera-
tion or the cooling mode operation is being executed, the
dehumidification electromagnetic valve 28 is set to a
closed state, and when the dehumidification warming
mode operation is being executed, it is set to an open
state.
[0049] As a consequence, for example, when the
warming mode operation or the cooling mode operation
is being executed, the heat exchange medium dis-
charged from the internal condenser 16 passes through
the fourth branching pipe 35 and flows only along the first
flow path 31 as it travels towards the external heat ex-
changer 24.
[0050] In contrast, when the dehumidification warming
mode operation is being executed, the heat exchange
medium discharged from the internal condenser 16 is
divided at the fourth branching pipe 35 between the first
flow path 31 and the second flow path 36, and one portion
thereof flows along the first flow path 31 heading towards
the external heat exchanger 24, while the other portion
thereof flows along the second flow path 36 so as to pass
the dehumidification electromagnetic valve 28 and the
third branching pipe 34 as it heads towards the cooling
expansion valve 27.
[0051] The control unit 18 controls operations of the
air conditioner for a vehicle 10 based, for example, on
command signals input by an operator via suitable
switches (not shown) or the like, or on the signals of de-
tection results output from the evaporator sensor 19, or
the like, and controls the switching between wanning
mode operations, cooling mode operations, and dehu-
midification warming mode operations.
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[0052] The evaporator sensor 19 is placed in a posi-
tion, for example, on the downstream side of the evapo-
rator 14 inside the ventilation duct 11. The evaporator
sensor 19 detects the temperature of air passing through
the evaporator 14, and outputs signals showing these
detection results to the control unit 18.
[0053] The air-conditioner for a vehicle 10 according
to the present embodiment has the above-described
structure. Next, operations of the air-conditioner for a ve-
hicle 10 will be described.

(Warming mode operation)

[0054] Firstly, as is shown, for example, in FIG. 2A,
when the air conditioner for a vehicle 10 is performing a
warming mode operation, the damper 15 is set to an open
state such that air that has passed through the evaporator
14 is introduced into the internal condenser 16. In addi-
tion, the cooling electromagnetic valve 23 and the dehu-
midification electromagnetic valve 28 are set to a closed
state, and the three-way valve 25 connects the external
heat exchanger 24 to the inflow port of the junction pipe
33.
[0055] As a consequence, the high-temperature, high-
pressure heat exchange medium expelled from the com-
pressor 21 heats the air inside the ventilation duct 11
using the heat released in the internal condenser 16.
[0056] In addition, the heat exchange medium is ex-
panded by the heating expansion valve 22 so as to be
placed in a two-phase gas-liquid (liquid-phase rich) spray
state. The heat exchange medium then absorbs heat
from the atmosphere outside the vehicle in the external
heat exchanger 24 and, in a two-phase gas-liquid (gas-
phase rich) spray state, passes through the three-way
valve 25 and the junction pipe 33 and flows into the gas-
liquid separator 26.
[0057] The heat exchange medium is then separated
into a gas and a liquid in the gas-liquid separator 26, and
the gas-phase heat exchange medium is suctioned into
the compressor 21.

(Cooling mode operation)

[0058] As is shown, for example, in FIG. 2B, when the
air conditioner for a vehicle 10 is performing a cooling
mode operation, the damper 15 is set to a closed state
such that air that has passed through the evaporator 14
bypasses the internal condenser 16. In addition, the cool-
ing electromagnetic valve 23 is set to an open state while
the dehumidification electromagnetic valve 28 is set to a
closed state, and the three-way valve 25 connects the
external heat exchanger 24 to the third branching pipe 34.
[0059] As a result, the high-temperature, high-pres-
sure heat exchange medium expelled from the compres-
sor 21 passes through the internal condenser 16 and the
cooling electromagnetic valve 23, and releases heat to
the atmosphere outside the vehicle in the external heat
exchanger 24. The heat exchange medium then passes

through the three-way valve 25 and the third branching
pipe 34 and flows into the cooling expansion valve 27.
[0060] The heat exchange medium is then expanded
by the cooling expansion valve 27 so that it changes to
a two-phase gas-liquid (liquid-phase rich) spray state,
and then cools the air inside the ventilation duct 11 due
to the heat thereof being absorbed in the evaporator 14.
[0061] The two-phase gas-liquid (gas-phase rich) heat
exchange medium passes through the junction pipe 33
and enters the gas-liquid separator 26. The gas is then
separated from the liquid in the gas-liquid separator 26,
and the gas-phase heat exchange medium is suctioned
into the compressor 21.

(Dehumidification warming mode operation)

[0062] As is shown, for example, in FIG. 3, when the
air conditioner for a vehicle 10 is performing a dehumid-
ification warming mode operation, the damper 15 is set
to an open state such that air that has passed through
the evaporator 14 is introduced into the internal condens-
er 16. In addition, the cooling electromagnetic valve 23
is set to a closed state, and the dehumidification electro-
magnetic valve 28 is set to an open state, and the three-
way valve 25 connects the external heat exchanger 24
to the inflow port of the junction pipe 33.
[0063] As a consequence, the high-temperature, high-
pressure heat exchange medium expelled from the com-
pressor 21 heats the air inside the ventilation duct 11
(namely, the air that has passed through the evaporator
14) by releasing its heat in the internal condenser 16.
[0064] The heat exchange medium is then divided at
the fourth branching pipe 35 between the first flow path
31 and the second flow path 36, and one portion thereof
flows along the first flow path 31 towards the external
heat exchanger 24, while the other portion thereof flows
along the second flow path 36 and passes the dehumid-
ification electromagnetic valve 28 and the third branching
pipe 34 as it travels towards the cooling expansion valve
27.
[0065] Namely, one portion of the heat exchange me-
dium flows from the fourth branching pipe 35 into the
heating expansion valve 22, and is expanded by the heat-
ing expansion valve 22 so as to be changed into a two-
phase gas-liquid (liquid-phase rich) spray state. This por-
tion of the heat exchange medium then absorbs heat
from the atmosphere outside the vehicle in the external
heat exchanger 24, and, in a two-phase gas-liquid (gas-
phase rich) spray state, passes through the three-way
valve 25 and the junction pipe 33 so as to flow to the gas-
liquid separator 26.
[0066] On the other hand, the other portion of the heat
exchange medium flows from the fourth branching pipe
35 into the cooling expansion valve 27 and is expanded
by the cooling expansion valve 27 so as to be changed
into a two-phase gas-liquid (liquid-phase rich) spray
state. This portion of the heat exchange medium uses
the heat absorption of the evaporator 14 to cool the air
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inside the ventilation duct 11 down to dew point so as to
dehumidify it, and then passes through the junction pipe
33 in a two-phase gas-liquid (gas-phase rich) state and
flows into the gas-liquid separator 26.

(Defrosting operation)

[0067] During the above-described warming mode op-
eration of the air conditioner for a vehicle, because heat
is absorbed from the external air in the external heat ex-
changer 24, in some case, frost formation occurs on the
external heat exchanger 24. If frost formation does occur,
then because this causes the heat transfer rate of the
external heat exchanger 24 to deteriorate so that the heat
absorption is inadequate, the warming effect inside the
vehicle compartment is insufficient. Therefore, when it is
determined that frost formation has occurred on the ex-
ternal heat exchanger 24 during a warming mode oper-
ation, a defrosting operation is performed.
[0068] In the defrosting operation of the present em-
bodiment, the operation switches between a defrosting
cooling operation and a hot gas operation.
[0069] FIGS. 4A and 4B show defrosting operation
states of an air conditioner for a vehicle. FIG. 4A shows
a hot gas operation state, while FIG. 4B shows a defrost-
ing cooling operation state.

(Hot gas operation)

[0070] The hot gas operation shown in FIG. 4A resem-
bles the warming mode operation shown in FIG. 2A, how-
ever, it differs in the following points. In a warming mode
operation, the heating expansion valve 22 is opened to
a small aperture diameter, and the heat exchange me-
dium that has been compressed by the compressor 21
is expanded so that it flows into the external heat ex-
changer 24 and heat is absorbed therefrom by the exter-
nal heat exchanger 24.
[0071] In contrast to this, in a hot gas operation, the
heating expansion valve 22 is opened to a large aperture
diameter, and the heat exchange medium (i.e., the hot
gas) that has been compressed by the compressor 21 is
allowed to flow in an unchanged state into the external
heat exchanger 24, and the heat thereof is released by
the external heat exchanger 24.
[0072] When the compressor 21 is compressing the
heat exchange medium, the compressor 21 itself is gen-
erating heat and that heat is transmitted to the heat ex-
change medium so that there is an increase in the tem-
perature of the heat exchange medium. The heat ex-
change medium (i.e., the hot gas) whose temperature
has increased flows into the internal condenser 16 where
its heat is released and heats the air inside the ventilation
duct 11. By doing this, warm air is supplied to the interior
of the vehicle compartment.
[0073] The heat exchange medium that has flowed out
from the internal condenser 16 passes through the heat-
ing expansion valve 22 and flows into the external heat

exchanger 24. In a hot gas operation, because the heat-
ing expansion valve 22 is opened to a large aperture
diameter, the heat exchange medium is not expanded
by the heating expansion valve 22, and flows in an un-
changed state to the external heat exchanger 24.
[0074] Because this heat exchange medium releases
heat without absorbing any heat in the external heat ex-
changer 24, the external heat exchanger 24 can be de-
frosted.
[0075] The heat exchange medium flowing out from
the external heat exchanger 24 passes through the gas-
liquid separator 26 and returns to the compressor 21 so
as to complete a cycle.

(Defrosting cooling operation)

[0076] The defrosting cooling operation shown in FIG.
4B is substantially the same as the cooling mode oper-
ation shown in FIG. 2B. In either operation, the heat ex-
change medium compressed by the compressor 21 flows
into the external heat exchanger 24 where it releases
heat, and then subsequently flows into the evaporator 14
where it absorbs heat. In this manner, in a defrosting
cooling operation, because the heat exchange medium
releases heat in the external heat exchanger 24, the ex-
ternal heat exchanger 24 can be defrosted.
[0077] The defrosting cooling operation and the cool-
ing mode operation differ in the following points. In a cool-
ing mode operation, the damper 15 is set to a closed
state such that the air that is introduced into the ventilation
duct 11 and passes through the evaporator 14 bypasses
the internal condenser 16. In contrast to this, in a defrost-
ing cooling operation, the damper 15 is set to an open
state such that the air that has passed through the evap-
orator 14 also passes through the internal condenser 16.
[0078] In a defrosting cooling operation, in the same
way as in a cooling mode operation, because the air in-
side the ventilation duct 11 is cooled via the heat absorp-
tion in the evaporator 14, compared with a warming mode
operation, the temperature of the air supplied to the ve-
hicle interior is lowered. In contrast, the heat exchange
medium that has been compressed by the compressor
21 and has flowed into the internal condenser 16 releases
its heat to the air passing through the internal condenser
16.
[0079] Therefore, in the defrosting cooling operation
of the present embodiment, the damper 15 is set to an
open state such that the air passing through the evapo-
rator 14 also passes through the internal condenser 16.
By employing this structure, because the reduction in the
temperature of the air supplied to the interior of the ve-
hicle compartment is suppressed, it is possible to allevi-
ate any uncomfortableness felt by a vehicle occupant.

(Method of performing a defrosting operation in an air 
conditioner for a vehicle: First embodiment)

[0080] A method of performing a defrosting operation
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in an air conditioner for a vehicle according to a first em-
bodiment will be described below.
[0081] FIG. 5 is a first flowchart showing a method of
performing a defrosting operation in an air conditioner
for a vehicle according to the first embodiment, while FIG.
6 is a second flowchart. As is shown in FIG. 5, the method
of performing a defrosting operation in an air conditioner
for a vehicle starts from a warming mode operation state
(S2), and then performs a defrosting start determination
(S110). Moreover, as is shown in FIG. 6, a defrosting
operation (S20) and a defrosting end determination (S30)
are performed.

(Defrosting start determination)

[0082] As shown in FIG. 5, a defrosting start determi-
nation is performed in order to determine whether or not
frost formation has occurred on the external heat ex-
changer 24 (i.e., to determine whether or not defrosting
is necessary) (S110).
[0083] Firstly, an initial value of a measurement fre-
quency of a temperature difference ’n’ is set to be unity
(S4), and a measurement of a temperature difference
’Tn’ between an external air temperature (temperature
of external air) and a temperature of the external heat
exchanger is started. Specifically, the external air tem-
perature ’Tam’ is measured by an external temperature
sensor (not shown), and is output to the control unit 18
(S6). In addition, the discharge port temperature ’Tout’
of the external heat exchanger 24 is measured by the
discharge port temperature sensor 24T, and is output to
the control unit 18 (S8). Then, the control unit 18 calcu-
lates the temperature difference ’Tn’ between the exter-
nal air temperature ’Tam’ and the discharge port temper-
ature ’Tout’ of the external heat exchanger 24 (S10).
[0084] In a warming mode operation, the heat absorp-
tion is performed by the external heat exchanger 24. If
frost has formed on the external heat exchanger 24, then
because the heat transfer rate of the external heat ex-
changer 24 will have deteriorated, the heat exchange
medium will no longer be able to absorb sufficient heat
from the external air. In this case, the temperature differ-
ence ’Tn’ between the discharge port temperature ’Tout’
and the external air temperature ’Tam’ is increased with-
out the discharge port temperature ’Tout’ of the external
heat exchanger 24 rising to a temperature close to that
of the external air temperature ’Tam’. Therefore, there is
a higher possibility that frost has been formed on the
external heat exchanger 24 as the temperature differ-
ence ’Tn’ is greater.
[0085] Next, a determination is made as to whether a
predetermined length of time ’t’ has elapsed since the
initial value of the measurement frequency of a temper-
ature difference ’n’ has been set to unity (S12). If the
determination in S12 is No, one is added to the meas-
urement frequency of a temperature difference ’n’ in S
13, the routine returns to S6 and the measurement of a
temperature difference is continued. On the other hand,

if the determination in S12 is Yes, then the routine pro-
ceeds to S 14, and calculates an average value ’Ay’ of
the temperature differences ’Tn’ that have been meas-
ured during the predetermined length of time ’t’.
[0086] By calculating the average value ’Ay’ of the tem-
perature differences ’Tn’ described above, it is possible
to prevent making a misjudgment that frost formation has
occurred when the external air temperature ’Tam’ or the
discharge port temperature ’Tout’ of the external heat
exchanger has drastically (temporarily or locally)
changed.
[0087] Next, a determination is made as to whether a
differential between a currently-calculated average value
’Ay’ of a temperature difference and a previously-calcu-
lated average value ’Ax’ of a temperature difference is
equal to or greater than a first predetermined value ’dA1’
(S 18). Note that, when this is a first time to calculate an
average value ’Ay’ of a temperature difference, the de-
termination in S 18 is defined as No. If the determination
in S18 is No, the routine proceeds to S 19 where the
currently-calculated average value ’Ay’ of a temperature
difference is substituted into the previously-calculated
average value ’Ax’ of a temperature difference, and then
returns to S4. On the other hand, if the determination in
S 18 is Yes, it is determined that frost has been formed
on the external heat exchanger 24, and thereby a de-
frosting operation is started.
[0088] An increase in a temperature difference ’Tn’
arising from a decrease in performance of the external
heat exchanger 24 comes from not only frost formation
but a decrease in the external air temperature and a de-
crease in the vehicle speed (poor ventilation). Accord-
ingly, in some cases it is difficult to accurately determine
whether or not frost formation has occurred based on
only the temperature difference ’Tn’ (and the average
value ’Ay’ of a temperature difference).
[0089] However, an increasing rate of the temperature
difference ’Tn’ is relatively small in a case of a decrease
in the external air temperature and a decrease in the
vehicle speed, while, in a case of frost formation (along
with the evolution of frost formation), an increasing rate
of the temperature difference ’Tn’ becomes large. For
this reason, by evaluating a magnitude of the differential
between a currently-calculated average value ’Ay’ of a
temperature difference and a previously-calculated av-
erage value ’Ax’ of a temperature difference (i.e., an in-
creasing rate of an average value of a temperature dif-
ference, or an amount of change), it is possible to accu-
rately determine whether or not frost formation has oc-
curred. Note that the first predetermined value ’dA1’,
which is a threshold value for determining frost formation,
is obtained in advance by performing experiments or the
like.
[0090] FIG. 7 is a view explaining the defrosting start
determination according to the first embodiment. The
horizontal axis of the graph in FIG. 7 shows a time and
the vertical axis shows a temperature difference.
[0091] In the example of FIG. 7, a differential between
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an average value ’A2’ of a temperature difference at a
time interval from ’t1’ to ’t2’ and an average value ’A1’ of
a temperature difference at a time interval from ’t0’ to ’t1’
is less than the first predetermined value ’dA1’, while a
differential between an average value ’A3’ of a temper-
ature difference at a time interval from ’t2’ to ’t3’ and the
average value ’A2’ of a temperature difference at the time
interval from ’t1’ to ’t2’ is greater than the first predeter-
mined value ’dA1’. Therefore, it is determined that frost
has been formed on the external heat exchanger 24 at
a time ’t3’ and a defrosting operation is performed during
a time interval from ’t3’ to ’t10’. Note that an average
value ’A11’ of a temperature difference after the defrost-
ing operation is less than the average value ’A3’ of a
temperature difference before the defrosting operation.

(Defrosting operation)

[0092] Next, as is shown in FIG. 6, a defrosting oper-
ation in which frost adhered to the external heat exchang-
er 24 is melted is performed (S20). In the defrosting op-
eration, firstly, a hot gas operation is performed (S21),
next, a defrosting cooling operation is performed (S22),
and then a hot gas operation is again performed (S24).
[0093] Firstly, a hot gas operation is performed (S21).
[0094] FIG. 8 is a timing chart of a defrosting operation.
At the timing at which a defrosting start determination
has been established, the task of increasing the aperture
angle of the heating expansion valve 22 from a small
aperture diameter to a large aperture diameter is started.
Accordingly, the heat exchange medium that has been
compressed by the compressor 21 flows into the external
heat exchanger 24 without being expanded in the heating
expansion valve 22.
[0095] As a result, because the heat of the heat ex-
change medium is released in the external heat exchang-
er 24, defrost by performing a hot gas operation is started.
The first hot gas operation is performed for a predeter-
mined length of time.
[0096] Note that because the heat exchange medium
is compressed by the compressor 21 to a suitable pres-
sure by performing a hot gas operation in which the cool-
ing electromagnetic valve 23 is closed and only the heat-
ing expansion valve 22 is opened to a large aperture
diameter, hot gas can be efficiently generated.
[0097] Next, a defrosting cooling operation is per-
formed (S22). Specifically, as is shown in FIG. 8, the
aperture angle of the heating expansion valve 22 is held
at a large aperture diameter. Immediately before a pre-
determined length of time of the hot gas operation has
elapsed, the task of increasing the aperture angle of the
cooling expansion valve 27 from a closed state to an
open state is started. Next, while the aperture angle of
the cooling expansion valve 27 is being increased, the
cooling electromagnetic valve 23 is switched from a
closed state to an open state. In addition, the outflow port
of the three-way valve 25 is switched from the warming
side (i.e., the junction pipe 33 side) to the cooling side

(i.e., the third branching pipe 34 side).
[0098] Accordingly, the heat exchange medium that
has been compressed by the compressor 21 flows into
the external heat exchanger 24 without being expanded
in the heating expansion valve 22. As a result, because
the heat of the heat exchange medium is released in the
external heat exchanger 24, a defrosting cooling opera-
tion is started. This defrosting cooling operation is per-
formed for a predetermined length of time.
[0099] Note that the task of increasing the aperture an-
gle of the cooling expansion valve 27 may be started at
the same time as the switching of the cooling electro-
magnetic valve 23 or the three-way valve 25 is being
performed. However, by starting to increase the aperture
angle of the cooling expansion valve 27 prior to perform-
ing the switching of the cooling electromagnetic valve 23
and the three-way valve 25, even if a prolonged length
of time is needed to increase the aperture angle of the
cooling expansion valve 27, it is possible to quickly start
a defrosting cooling operation.
[0100] Next, a second hot gas operation is performed
(S24). Specifically, as is shown in FIG. 8, immediately
before a predetermined length of time of the defrosting
cooling operation has elapsed, the task of reducing the
aperture angle of the cooling expansion valve 27 from
an open state to a closed state is started. Next, while the
aperture angle of the cooling expansion valve 27 is being
reduced, the cooling electromagnetic valve 23 is
switched from an open state to a closed state. In addition,
the outflow port of the three-way valve 25 is switched
from the cooling side (i.e., the third branching pipe 34
side) to the warming side (i.e., the junction pipe 33 side).
[0101] Accordingly, the heat exchange medium that
has flowed out from the external heat exchanger 24 by-
passes the evaporator 14 and flows into the compressor
21, and thus a hot gas operation is started. The second
hot gas operation is performed until a defrosting end de-
termination (described below) is established.
[0102] As has been described above, by performing a
defrosting operation switching between a hot gas oper-
ation and a defrosting cooling operation, it is possible to
prevent supplying cold air inside the vehicle compart-
ment, compared with when a defrosting operation is per-
formed solely via a cooling operation.
[0103] Moreover, in a defrosting cooling operation in
which heat is first absorbed and then released, compared
with a hot gas operation in which heat is released without
having been absorbed first, a greater quantity of heat can
be released. As a result of this, compared with when a
defrosting operation is performed solely via a hot gas
operation, the defrosting of the external heat exchanger
can be performed efficiently and in a short space of time.
[0104] Furthermore, by performing a first hot gas op-
eration, defrosting preparations can be made without
lowering the temperature of the air that is supplied to the
vehicle compartment interior. As a consequence, be-
cause a portion of the frost is melted, the time taken by
the subsequent defrosting cooling operation can be
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shortened, so that the length of time that cold air is sup-
plied to the vehicle compartment interior can also be
shortened.
[0105] In addition, because the operation is restored
to a warming mode operation via the second hot gas
operation, the transition from a defrosting operation to a
warming mode operation can be made smoothly.
[0106] Note that in the defrosting operation of the
present embodiment, firstly, a hot gas operation was per-
formed, and subsequently, a defrosting cooling operation
was performed, and then a hot gas operation was per-
formed again prior to the operation returning to a warming
mode operation, however, the configuration of a defrost-
ing operation is not limited thereto.
[0107] For example, it is possible to first perform a de-
frosting cooling operation, and to then perform a hot gas
operation prior to returning to a warming mode operation.
It is also possible to first perform a hot gas operation, and
to then perform a defrosting cooling operation prior to
returning to a warming mode operation.

(Defrosting end determination)

[0108] Next, as is shown in FIG. 6, a defrosting end
determination that determines whether or not the frost
adhered to the external heat exchanger 24 has been re-
moved is performed (S30).
[0109] Specifically, in the same way as the defrosting
start determination, the external air temperature ’Tam’ is
measured by the external temperature sensor (not
shown), and is output to the control unit 18 (S32). In ad-
dition, the discharge port temperature ’Tout’ of the exter-
nal heat exchanger 24 is measured by the discharge port
temperature sensor 24T, and is output to the control unit
18 (S34).
[0110] The control unit 18 then determines whether an
absolute value of the differential between the external air
temperature ’Tam’ and the discharge port temperature
’Tout’ of the external heat exchanger 24 is less than a
predetermined temperature (S36). If the result of the de-
termination in S36 is No, the defrosting is determined to
have not yet ended, and the routine consequently returns
to S24 and the hot gas operation is continued.
[0111] If the frost on the external heat exchanger 24
has melted, then the heat transfer rate of the external
heat exchanger 24 has improved and the heat absorption
from the external air is being performed satisfactorily.
Therefore, the discharge port temperature ’Tout’ of the
external heat exchanger 24 approaches the external air
temperature ’Tam’, and the difference between the two
temperatures is decreased. If the absolute value of the
differential between the external air temperature ’Tam’
and the discharge port temperature ’Tout’ of the external
heat exchanger 24 is less than the predetermined tem-
perature (i.e., if the determination in S36 is Yes), then
defrosting of the external heat exchanger 24 is deter-
mined to have ended. In this case, as is shown in FIG.
8, the aperture angle of the heating expansion valve 22

is decreased from a large aperture diameter to a small
aperture diameter, and the hot gas operation is ended.
[0112] In the defrosting end determination of the
present embodiment, the temperature difference be-
tween the external air temperature ’Tam’ and the dis-
charge port temperature ’Tout’ of the external heat ex-
changer 24 was evaluated, however, the method of a
defrosting end determination is not limited thereto. For
example, similarly to the above-described defrosting
start determination, an average value of a temperature
difference may be evaluated, or a decreasing rate of an
average value of a temperature difference may be eval-
uated.
[0113] Consequently, a defrosting operation of the air
conditioner for a vehicle according to the first embodi-
ment is ended and the operation returns to a warming
mode operation.
[0114] As has been described above in detail, the air
conditioner for a vehicle according to the embodiment is
configured to calculate a temperature difference ’Tn’ be-
tween an external air temperature ’Tam’ and a discharge
port temperature ’Tout’ of the external heat exchanger
24, also to calculate average values ’Ax’ and ’Ay’ of the
temperature differences ’Tn’ during a predetermined
length of time ’t’, and to determine that frost has been
formed on the external heat exchanger 24 when an
amount of change ’Ay-Ax’ of the average value is equal
to or greater than a first predetermined value ’dA1’, con-
sequently performing a defrosting operation which melts
the frost adhered to the external heat exchanger 24.
[0115] According to this configuration, because aver-
age values ’Ax’ and ’Ay’ of the temperature differences
’Tn’ are calculated, it is possible to prevent making a mis-
judgment that frost formation has occurred when the ex-
ternal air temperature ’Tam’ or the discharge port tem-
perature ’Tout’ of the external heat exchanger has dras-
tically changed, or a misjudgment arising from a differ-
ence of time constants between temperature sensors, or
the like.
[0116] In addition, an increase in the temperature dif-
ference ’Tn’ arising from a decrease in performance of
the external heat exchanger 24 occurs not only by frost
formation but by a decrease in the external air tempera-
ture and a decrease in the vehicle speed. Note that an
increasing rate of the temperature difference ’Tn’ is rel-
atively small in a case of a decrease in the external air
temperature and a decrease in the vehicle speed, while
an increasing rate of the temperature difference ’Tn’ is
large in a case of frost formation (along with advance of
frost formation).
[0117] Accordingly, by determining that frost formation
has occurred on the external heat exchanger 24 when
an amount of change ’Ay-Ax’ of the average value of the
temperature difference is equal to or greater than the first
predetermined value ’dA1’, it is possible to determine ac-
curately whether or not frost formation has occurred.
[0118] As is described above, an increase in the tem-
perature difference ’Tn’ arising from a decrease in per-
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formance of the external heat exchanger occurs due to
not only frost formation but a decrease in the external air
temperature and a decrease in the vehicle speed. Ac-
cordingly, in order to determine accurately whether or
not frost formation has occurred based solely on the tem-
perature difference ’Tn’, it is required to alter the threshold
value of the temperature difference for determining
whether or not frost formation has occurred, depending
on the external air temperature and the vehicle speed.
Therefore, an enormous amount of test data is needed
for each vehicle.
[0119] In contrast, in this embodiment, because it is
sufficient to have test data confirming that frost formation
has occurred when an amount of change ’Ay-Ax’ of the
average value of the temperature difference is equal to
or greater than the first predetermined value ’dA1’, it is
possible to drastically reduce an amount of test data for
accurately determining whether or not frost formation has
occurred.

(Method of performing a defrosting operation in an air 
conditioner for a vehicle: Second embodiment)

[0120] FIG. 9 is a first flowchart showing a method of
performing a defrosting operation in an air conditioner
for a vehicle according to a second embodiment. In the
first embodiment, only a first predetermined value ’dA1’
is used as a threshold value for the defrosting start de-
termination. However, the second embodiment differs
from the first embodiment in that a second predetermined
value ’dA2’ is used as a threshold value for the defrosting
start determination when a remaining amount of battery
(hereinafter referred to as SOC) is less than a predeter-
mined remaining amount. Note that description is omitted
regarding portions that have the same structure as in the
first embodiment.
[0121] As is shown in FIG. 9, a defrosting start deter-
mination is performed (S120). Note that, the steps are
performed in the same way as those in the first embod-
iment before calculating an average value ’Ay’ of a tem-
perature difference in S14.
[0122] Next, in the second embodiment, a determina-
tion is made as to whether SOC is equal to or greater
than a predetermined remaining amount (S 15). If the
determination in S15 is Yes, then the routine proceeds
to S18, in which a defrosting start determination is per-
formed by using a first predetermined value ’dA1’ as a
threshold value as well as in the first embodiment.
[0123] On the other hand, if the determination in S 15
is No, then the routine proceeds to S16. In S 16, a de-
termination is made as to whether a differential ’Ay-Ax’
between a currently-calculated average value ’Ay’ of a
temperature difference and a previously-calculated av-
erage value ’Ax’ of a temperature difference is equal to
or greater than a second predetermined value ’dA2’. The
second predetermined value ’dA2’ is a value that is great-
er than the first predetermined value ’dA1’. Note that,
when this is a first time to calculate an average value ’Ay’

of a temperature difference, the determination in S 18 is
defined as No.
[0124] If the determination in S 18 is No, then the rou-
tine proceeds to S 19 where the currently-calculated av-
erage value ’Ay’ of a temperature difference is substituted
into the previously-calculated average value ’Ax’ of a
temperature difference, and then returns to S4. On the
other hand, if the determination in S18 is Yes, a defrosting
operation is started.
[0125] FIG. 10 is a view for explaining a defrosting start
determination according to the second embodiment. The
horizontal axis of each of two graphs in FIG. 10 repre-
sents a time. The vertical axis of the graph in FIG. 10(a)
shows a temperature difference. The vertical axis of the
graph in FIG. 10(b) shows SOC.
[0126] As is shown in FIG. 10(b), it is seen that SOC
is equal to or greater than a predetermined remaining
amount before a time ’tp’ (namely, the determination in
S15 is Yes). Therefore, as is shown in FIG. 10(a), a dif-
ferential between average values of temperature differ-
ences is compared with a first predetermined value ’dA1’
before a time ’tp’ (S18). In the example shown in FIG.
10, because a differential ’A2-A1’ between average val-
ues of temperature differences is greater than the first
predetermined value ’dA1’ at a time ’t2’ (< tp), a defrosting
operation is started.
[0127] On the other hand, after a time’tp’ in FIG. 10(b),
SOC is less than the predetermined remaining amount
(namely, the determination in S 15 is No). Therefore, as
is shown in FIG. 10(a), a differential between average
values of temperature differences is compared with a
second predetermined value ’dA2’ after a time ’tp’ (S16).
The second predetermined value ’dA2’ is a value that is
greater than the first predetermined value ’dA1’.
[0128] In the example shown in FIG. 10, although an
ignition switch is turned off at a time ’t16’ (> ’tp’) and
driving of the vehicle is stopped, a defrosting operation
is not started because a difference between average val-
ues of temperature differences does not exceed the sec-
ond predetermined value ’dA2’ during a time interval be-
tween ’tp’ and ’t16’. In contrast, as is shown in FIG. 10(b),
after stopping driving of the vehicle, a battery is charged
and therefore SOC is increasing. As is shown in FIG.
10(a), a defrosting operation is started after stopping driv-
ing of the vehicle.
[0129] Because cold air is supplied to the interior of
the vehicle compartment when performing a defrosting
operation, an amount of consumption of electric power
in a warming mode operation after the defrosting opera-
tion is large. In the second embodiment, because a de-
frosting operation is started when a differential between
average values of temperature differences is equal to or
greater than the second predetermined value ’dA2’ (>
’dA1’) if SOC is less than the predetermined remaining
amount, a frequency of defrosting is decreased, com-
pared with when SOC is equal to or greater than the
predetermined remaining amount. As a result, it is pos-
sible to reduce an amount of consumption of electric pow-
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er to save SOC.
[0130] Because cold air is supplied to the interior of
the vehicle compartment while performing a defrosting
operation, a defrosting operation can be performed in a
short length of time or at a low frequency. If a defrosting
operation is started when a differential between average
values of temperature differences is equal to or greater
than the first predetermined value ’dA1’ (<’dA2’), defrost-
ing is performed at an initial stage of frost formation, and
therefore it is possible to end the defrosting operation in
a short length of time. On the other hand, if a defrosting
operation is started when a differential between average
values of temperature differences is equal to or greater
than the second predetermined value ’dA2’ (> ’dA1’), a
frequency of defrosting is decreased, and thereby an oc-
casion to supply cold air inside the vehicle compartment
is reduced. Accordingly, even in the latter case, the com-
fort of the occupant can be ensured.
[0131] Note that, when SOC is less than a predeter-
mined remaining amount, it is anticipated to stop driving
of the vehicle after a short length of time in order to charge
the battery. Although the air conditioner for a vehicle is
operated allowing a frosted state when a frequency of
defrosting is decreased, if the operation continues only
for a short length of time, the negative impact therefrom
can be minimized. Moreover, because the occupant
leaves the vehicle compartment after stopping driving of
the vehicle, the comfort of the occupant is not hampered
even if defrosting is completely performed by a defrosting
operation for a long length of time.
[0132] In addition, the predetermined remaining
amount in S 15 can be set to a remaining amount with
which stopping of driving of the vehicle for charging the
battery is required due to a decrease of SOC down close
to a lower limit within a length of time, during which a
negative impact by operating the air conditioner for a ve-
hicle while keeping a frosted state can be allowed. This
predetermined remaining amount is obtained in advance
by an experiment or the like.
[0133] Following a defrosting start determination
(S120) shown in FIG. 9, a defrosting operation (S20) and
a defrosting end determination (S30) are performed sim-
ilarly as the first embodiment shown in FIG. 6.
[0134] Consequently, a defrosting operation of the air
conditioner for a vehicle according to the second embod-
iment is ended and the operation returns to a warming
mode operation.
[0135] As is described above in detail, the air condi-
tioner for a vehicle according to the second embodiment
is configured to perform a defrosting operation when an
amount of change ’Ay-Ax’ of the average value is equal
to or greater than a second predetermined value ’dA2’
which is greater than a first predetermined value ’dA1’ if
a determination that SOC is less than a predetermined
remaining amount has been made.
[0136] According to this configuration, because a fre-
quency of defrosting is decreased, it is possible to reduce
an amount of consumption of electric power to save SOC.

In addition, because an occasion to supply cold air into
the interior of the vehicle compartment is reduced due to
a decrease in a frequency of defrosting, the comfort of
the occupant can be ensured.

(Method of performing a defrosting operation in an air 
conditioner for a vehicle: Third embodiment)

[0137] FIG. 11 is a first flowchart showing a method of
performing a defrosting operation in an air conditioner
for a vehicle according to a third embodiment. In the first
embodiment, an average value of a temperature differ-
ence is calculated for each predetermined length of time
and an amount of change of an average value is evalu-
ated. However, the third embodiment differs from the first
embodiment in that a moving average value of a temper-
ature difference is calculated and a differential between
a moving average value and a reference average value
is evaluated. Note that description is omitted regarding
portions that have the same structure as in the first em-
bodiment.
[0138] As is shown in FIG. 11, a defrosting start deter-
mination is performed (S 130). Note that, the steps are
performed in the same way as those in the first embod-
iment before calculation of a temperature difference ’Tn’
in S10.
[0139] Next, in the third embodiment, a determination
is made as to whether an average value of a temperature
difference ’Tn’ is calculated for the first time (S40). If the
determination in S40 is Yes, then the routine proceeds
to S42, in which whether a predetermined length of time
’ta’ has elapsed is determined. If the determination in S42
is No, then one is added to the measurement frequency
of a temperature difference ’n’ in S43, and the routine
returns to S6 to continue the measurement of a temper-
ature difference.
[0140] On the other hand, if the determination in S42
is Yes, then the routine proceeds to S44 and calculates
an average value ’Ax’ of temperature differences ’Tn’ that
have been measured during a predetermined length of
time ’ta’ as an initial average value. This average value
’Ax’ is a reference average value for calculating a differ-
ential with a moving average value ’Ay’ described below.
After that, in S43, one is added to the measurement fre-
quency of a temperature difference ’n’, and the routine
returns to S6 to continue the measurement of a temper-
ature difference.
[0141] On the other hand, if the determination in S40
is No, then the routine proceeds to S50, and a moving
average value ’Ay’ of a temperature difference ’Tn’ is
calculated. The moving average value ’Ay’ is an average
value of temperature differences ’Tn’ that have been
measured during the nearest predetermined length of
time ’tb’. This predetermined length of time ’tb’ may be
the same as the above-described predetermined length
of time ’ta’, or may be different from it.
[0142] Next, a determination is made as to whether a
differential between a currently-calculated moving aver-
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age value ’Ay’ and a reference average value ’Ax’ is equal
to or greater than a first predetermined value ’dA1’ (S52).
This first predetermined value ’dA1’ may be the same as
the first predetermined value ’dA1’ in the first embodi-
ment, or may be different from it.
[0143] If the determination in S52 is No, then the rou-
tine proceeds to S54, where after having calculated (re-
newed) the reference average value ’Ax’, a determination
is made as to whether a predetermined length of time ’tc’
has elapsed. This predetermined length of time ’tc’ may
be the same as the above-described predetermined
length of time ’ta’, or may be different from it. If the de-
termination in S54 is No, then in S43, one is added to
the measurement frequency of a temperature difference
’n’. Then, the routine returns to S6 to measure a temper-
ature difference, and subsequently a new moving aver-
age value ’Ay’ is calculated in S50.
[0144] On the other hand, if the determination in S54
is Yes, then the routine proceeds to S56, where the ref-
erence average value ’Ax’ is renewed by substituting the
currently-calculated moving average value ’Ay’ into the
reference average value ’Ax’. After that, in S43, one is
added to the measurement frequency of a temperature
difference ’n’, and then the routine returns to S6 to meas-
ure a temperature difference. Subsequently, a new mov-
ing average value ’Ay’ is calculated in S50, and then in
S52, a differential between the new moving average val-
ue ’Ay’ and the renewed reference average value ’Ax’ is
evaluated.
[0145] If the determination in S52 is Yes, then a de-
frosting operation is started. Namely, a defrosting start
determination (S 130) shown in FIG. 11 is ended, and a
defrosting operation (S20) and a defrosting end determi-
nation (S30) are performed similarly as the first embod-
iment shown in FIG. 6.
[0146] As a consequence, a defrosting operation of the
air conditioner for a vehicle according to the third embod-
iment is ended, and the operation returns to a warming
mode operation.
[0147] FIG. 12 is a view for explaining a defrosting start
determination according to the third embodiment. The
horizontal axis of the graph in FIG. 12 represents a time,
while the vertical axis represents a temperature differ-
ence. At a time ’t1’ when a predetermined length of time
’ta’ has elapsed from a time when a defrosting start de-
termination is started, an average value ’MA1’ of temper-
ature differences ’Tn’ that have been measured during
the predetermined length of time ’ta’ is calculated. In the
graph shown in FIG. 12, because a temperature differ-
ence is monotonously increased, a temperature differ-
ence at a substantially middle time in the predetermined
length of time ’ta’ is an average value ’MA1’. This average
value ’MA1’ is defined as an initial reference average
value.
[0148] After the time ’t1’, a moving average value ’MA2’
of temperature differences ’Tn’ that have been measured
during the nearest predetermined length of time ’tb’ is
sequentially calculated. Then, a differential between the

moving average value ’MA2’ and the reference average
value ’MA1’ is calculated, and is compared with a first
predetermined value ’dA1’.
[0149] In FIG. 12, although a predetermined length of
time ’tc’ has elapsed from the time ’t1’ when the initial
reference average value ’MA1’ has been calculated, a
differential between the moving average value ’MA2’ and
the reference average value ’MA1’ is less than the first
predetermined value ’dA1’. In this case, the moving av-
erage value ’MA2’ at a time ’t2’ when a predetermined
length of time ’tc’ has elapsed from the time ’t1’ is set as
a new reference average value, and thereby a reference
average value is renewed. After the reference average
value has been renewed and before a predetermined
length of time ’tc’ elapses, a differential between a moving
average value ’MA3’ and a reference average value
’MA2’ after renewal is calculated, and is compared with
the first predetermined value ’dA1’.
[0150] In FIG. 12, before a predetermined length of
time ’tc’ elapses from a time ’t3’, a differential between a
moving average value ’MA4’’ calculated at a time ’t4’’ and
a reference average value ’MA3’ becomes greater than
the first predetermined value ’dA1’. Therefore, a defrost-
ing operation is started at this time ’t4’ ’.
[0151] As has been described above in detail, the air
conditioner for a vehicle according to the third embodi-
ment is configured to calculate a moving average value
’Ay’ of a temperature difference ’Tn’ between an external
air temperature ’Tam’ and a discharge port temperature
’Tout’ of the external heat exchanger, and to determine
that frost has formed on the external heat exchanger
when a differential ’Ay-Ax’ between a moving average
value ’Ay’ and a reference average value ’Ax’ is equal to
or greater than a first predetermined value ’dA1’, thereby
performing a defrosting operation.
[0152] In an air conditioner for a vehicle that utilizes a
heat pump cycle, when frost begins to be formed on an
external heat exchanger, because a surface temperature
of the external heat exchanger is made to be reduced in
order to ensure an amount of heat absorption, frost is
further formed. Accordingly, an increasing rate of a tem-
perature difference ’Tn’ between an external (outside) air
temperature ’Tam’ and a discharge port temperature
’Tout’ of the external heat exchanger becomes large.
[0153] Consequently, it is possible to determine accu-
rately whether or not frost formation has occurred by mak-
ing a determination that frost has been formed on the
external heat exchanger when a differential ’Ay-Ax’ be-
tween a moving average value ’Ay’ and a reference av-
erage value ’Ax’ is equal to or greater than a first prede-
termined value ’dA1’. Moreover, because a moving av-
erage value ’Ay’ is used so that a determination is se-
quentially made as to whether or not frost formation has
occurred, it is possible to start defrosting promptly.
[0154] In addition, in the third embodiment, a structure
in which a reference average value is renewed by setting
a moving average value that has been calculated for each
predetermined length of time ’tc’ as a reference average
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value is employed. Thereby, because it is possible to
evaluate an increasing rate of a temperature difference
during a predetermined length of time ’tc’, a determina-
tion can be made accurately as to whether or not frost
formation has occurred.
[0155] Note that, the technical scope of the present
invention is not limited to the above-described embodi-
ments and a variety of modifications can be made to the
above-described embodiments without departing from
the scope of the present invention. Accordingly, it should
be understood that the structures in the embodiments
described and illustrated above are exemplary of the in-
vention and can be suitably altered.

Claims

1. An air conditioner for a vehicle (10) comprising:

a compressor (21) that compresses a heat ex-
change medium;
an internal heat exchanger (14) at performs heat
exchange between the heat exchange medium
expelled from the compressor (21) and air for
air conditioning introduced inside a vehicle com-
partment;
and an external heat exchanger (24) that per-
forms heat exchange between the heat ex-
change medium expelled from the internal heat
exchanger (14) and external air, characterized
in that
the air conditioner for a vehicle calculates (S10)
an average value (Ax, Ay) of a temperature dif-
ference (Tn) between an external air tempera-
ture (Tam) and a discharge part temperature
(Tout) of the external heat exchanger (24), and
performs (S18) a defrosting operation which
melts frost adhered to the external heat ex-
changer (24) when an amount of change (Ay -
Ax) of the average value (Ax, Ay) is equal to or
greater than a first predetermined value (dA1).

2. The air conditioner for a vehicle according to Claim
1, wherein
the air conditioner for a vehicle (10) performs the
defrosting operation when the amount of change (Ay
- Ax) of the average value (Ax, Ay) is equal to or
greater than a second predetermined value (dA2)
that is greater than the first predetermined value
(dA1), if a determination has been made that a re-
maining amount of a battery consumed by the vehi-
cle is less than a predetermined remaining amount.

Patentansprüche

1. Klimaanlage für ein Fahrzeug (10), umfassend:

einen Kompressor (21), welcher ein Wärmeaus-
tauschmedium komprimiert;
einen inneren Wärmetauscher (14), welcher ei-
nen Wärmeaustausch zwischen dem von dem
Kompressor (21) abgegebenen Wärmeaus-
tauschmedium und innerhalb eines Fahrzeugin-
nenraums eingeführter Luft zur Luftklimatisie-
rung durchführt; und
einen äußeren Wärmetauscher (24), welcher ei-
nen Wärmeaustausch zwischen dem von dem
inneren Wärmetauscher (14) abgegebenen
Wärmeaustauschmedium und äußerer Luft
durchführt,

dadurch gekennzeichnet, dass die Klimaanlage
für ein Fahrzeug einen Mittelwert (Ax, Ay) einer Tem-
peraturdifferenz (Tn) zwischen einer äußeren Luft-
temperatur (Tam) und einer Auslassöffnungstempe-
ratur (Tout) des äußeren Wärmetauschers (24) be-
rechnet (S10), und
einen Abtauungsbetrieb durchführt (S18), welcher
an dem äußeren Wärmetauscher (24) anhaftenden
Frost abtaut, wenn ein Betrag einer Änderung (Ay-
Ax) des Mittelwerts (Ax, Ay) gleich oder größer als
ein erster vorbestimmter Wert (dA1) ist.

2. Klimaanlage für ein Fahrzeug nach Anspruch 1, wo-
bei die Klimaanlage für ein Fahrzeug (10) den Ab-
tauungsbetrieb durchführt, wenn der Betrag der Än-
derung (Ay-Ax) des Mittelwerts (Ax, Ay) gleich oder
größer als ein zweiter vorbestimmter Wert (dA2) ist,
welcher größer als der erste vorbestimmte Wert
(dA1) ist, wenn ermittelt worden ist, dass ein Rest-
betrag einer von einem Fahrzeug verbrauchten Bat-
terie kleiner als ein vorbestimmter Restbetrag ist.

Revendications

1. Climatiseur pour véhicule (10), comprenant:

un compresseur (21) qui comprime un milieu
d’échange de chaleur;
un échangeur de chaleur interne (14) qui exé-
cute un échange de chaleur entre le milieu
d’échange de chaleur qui est expulsé à partir du
compresseur (21) et l’air destiné au condition-
nement d’air introduit à l’intérieur d’un habitacle
de véhicule; et
un échangeur de chaleur externe (24) qui exé-
cute un échange de chaleur entre le milieu
d’échange de chaleur qui est expulsé à partir de
l’échangeur de chaleur interne (14) et l’air exté-
rieur,
caractérisé en ce que le climatiseur pour véhi-
cule calcule (S10) une valeur moyenne (Ax, Ay)
d’une différence de température (Tn) entre une
température de l’air extérieur (Tam) et une tem-
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pérature de port de décharge (Tout) de l’échan-
geur de chaleur externe (24), et exécute (S18)
une opération de dégivrage qui fait fondre le gi-
vre accumulé sur l’échangeur de chaleur exter-
ne (24) lorsqu’un degré de variation (Ay - Ax) de
la valeur moyenne (Ax, Ay) est égal ou supérieur
à une première valeur prédéterminée (dA1).

2. Climatiseur pour véhicule selon la revendication 1,
dans lequel le climatiseur pour véhicule (10) exécute
l’opération de dégivrage lorsque le degré de varia-
tion (Ay - Ax) de la valeur moyenne (Ax, Ay) est égal
ou supérieur à une deuxième valeur prédéterminée
(dA2) qui est supérieure à la première valeur prédé-
terminée (dA1), s’il a été déterminé qu’une quantité
restante d’une batterie consommée par le véhicule
est inférieure à une quantité restante prédéterminée
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